Characterization of peroxy-A2E and furan-A2E photooxidation products and detection in human and mouse retinal pigment epithelial cell lipofuscin.
The nondegradable pigments that accumulate in retinal pigment epithelial (RPE) cells as lipofuscin constituents are considered to be responsible for the loss of RPE cells in recessive Stargardt disease, a blindness macular disorder of juvenile onset. This autofluorescent material may also contribute to the etiology of age-related macular degeneration. The best characterized of these fluorophores is A2E, a compound consisting of two retinoid-derived side arms extending from a pyridinium ring. Evidence indicates that photochemical mechanisms initiated by excitation from the blue region of the spectrum may contribute to the adverse effects of A2E accumulation, with the A2E photooxidation products being damaging intermediates. By studying the oxidation products (oxo-A2E) generated using oxidizing agents that add one or two oxygens at a time, together with structural analysis by heteronuclear single quantum correlation-NMR spectroscopy, we demonstrated that the oxygen-containing moieties generated within photooxidized A2E include a 5,8-monofuranoid and a cyclic 5,8-monoperoxide. We have shown that the oxidation sites can be assigned to the shorter arm of A2E, to the longer arm, or to both arms by analyzing changes in the UV-visible spectrum of A2E, and we have observed a preference for oxidation on the shorter arm. By liquid chromatography-mass spectrometry, we have also detected both monofuran-A2E and monoperoxy-A2E in aged human RPE and in eye cups of Abca4/Abcr-/- mice, a model of Stargardt disease. Because the cytotoxicity of endoperoxide moieties is well known, the production of endoperoxide-containing oxo-A2E may account, at least in part, for cellular damage ensuing from A2E photooxidation.